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A bstract: T he autho r s studiedthe effe cts ofthe degradatio n of NOAA/AⅥ]R Rse n s or
se n sitiv lty andthe ge o m etry co n c ern ingtO the z e nith and azim uth angles ofthe sun and a
se n s o r on the m onito n ng ofla nd cover c o nditons u slng mufti
-te mporalA Vt R Rdata･ The
e飽 ct ofse n sordegradation o n c alibration ofA Vli R Rvisible a nd nea r
-in丘a red cha nnels w as
tested u singthe data take nin a des ert ar e awhe rethe su rfac ealbedo wa sc o n sider edto be
stable. The effe ct ofsolar- s ens o rge oⅡletry W aste Sted u sing the thre etempo raldata which
w er e obs e rved within a w eek and in diffe re ntge o metrical c ondition s and r egr es sion analysis
w a spe rfor medto studythe effe ct ofge o metdc alpar ameters o nthe c orr ehtion ofsu rface
albedos a ndN V Ia mongthe thre ediffe rentdata･
I.Intr odt)ctio n
As opticals e n s ordatalike N O A A/ V H R Rc ontaindata varia･tio nsdu eto sen s o rdegr adatio n
and ge o m etric c o nditio ns of gr ound obse r v atio n, itis qulte impo rta nt to c o n sider thes e
variationsfo rthe c r e atio n ofwi de-r a nge m o saicked im age s and the rn orlitoring ofthe gr o und
surfa c eby multi-temporaldata.
Tw o kin dofap pro a che s c an be c o nsider ed for the c orrection ofthe variations･ On eis the
sta.tisticalapproach inwhichthebrightn e ss e s of theim age s ar e?dju sted bya statisticalm ethod･
Butthe statisticaladjustm erlt CauS eSthelo s s ofthe originalradian ceinfor m ation . T he othe r
appro a chisto c o n v ert thebrightne se softheim age sto thephysicalam o untlike r adian c e o r
r efle ctanc e. T he 血ststep ofthelatter appro a ch isto e stablishthe ac curate calibration m ethod
to a cqu ire a ccu r ate r adianc e or refle ctan c e at the se n sor obse rvatio n. The se c ond stepis to
c o rre ctthe v ariatio n s causedbythe ge o metric obs erva･tio n c o nditionbas ed o n the m odel for
the atm ospheric effect o n v ario usge o m etric condition s･
In this study, arst, the radio m etric c orre ction of A VHR Rvisible and n e arIR dat a which
considersthe s e n s o rdegradation a nd solar-z e nithangle waste steda sthe calibratio npro c edu re
andthe effect ofthis corr e ctio n wa s evaluatedu sing the datatake nin adesert are a wherethe
s urfa ce albedo w as consider edto be stable, Next, the effects of the ge om etric c onditions
relatedto s olar zenithandsen sor zenithangles werein ve stlga.tedu singthethr eetemporal dat a
which w ere obs erv ed within a w e ek andin differe nt geo m etrical c ondition sL T he utte r
inve stlgation is e xpected to m ake cle arthe a ctualv ariation due to the difere nc e ofthe
geo m etry andto offerthe evide nce forthe nec esslty Of the appr opn ate atm ospheric cor rectio n
fo rthe monitonngby m uld-te mporalsatelliteim age s･
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2･ Effe ct of SeIIS O rDegradatio n on A V E R R Radia n c e
In order to evaluate the effe ct ofthe s e n s or degrada.tion of A Ⅵ1 R札 tw oA V H R RL AC
im age s obs ervedon27/Jan･,1986(NOA A-9)and 3 0/Jan. ,1993(N OA A- 11)w er eus ed fo rthe
analysis･ For e ach im age, total 19 2pixelsa mple sw er e s elect ed within T hat De s ert of India
u nde rthe geo m etricalc onditio n sinwhichthe sola r ze nith angle wa sr estricted &o m 55
o
fo
65
o
andthe s e nsor s c anangle Co m O
o
to 20
o
･ This r e strictio n wa s appliedto co nfir m the
stability ofthe r e且e cta n c e ofthedes ert a reas.
2.1 C alibration andc orr ection ofA V H R R data
(a)Pr e丑ightcalibr ation
The calibratio nfor AⅥ 皿R visible (CH l ) and near IR(C H.2)data ge n eraly u s esthe
co et温cient calc ulated &o mthe preflight testda.ta. In this calibr atio n, the obse rved r adianc ein
u nits of〟 W/cm
2
/nm/sris obtain ed asfolow s;
RprB
= α(C-Co) (1)
whereRpreisthe obs ervedr adia n c e, α isthepr eflighIradiom etric c o efBcie nt asfollo ws;
N O A A- 9:CE ･1;0･055, CH ･2ミO1036 NOA A-11:C H･1;0,047, CH.2;0.028
Cisthe A Vf R Routputdigitalco u ntlev el, and Coisthe co u ntlev el m e a su r ed whe nthe
instr um entis obs ervingdeepspa c e･
(b)C alibration c on sideringthe s e n so rdegradatio n
As A V H RR visible a ndn e arlR data are affe ctedbythe s ens ordegradation atalaun chingtl m e
o rduring in o rbit(Ka u血 a n and Holben(1992)), the calibration c o nsidering the s ens or
degradation is n e c e ss aryto a cqulre an a C urate r adia n c e at the s e n s o rbs er v ation. So
,
the
co eql Cie ntbyKau血a n and Holben(1992)w as appliedasthe calibration c o eirlCient a sfoil. w s;
RJ6g ≡(α/γ)(CICo) (2)
whe reR血g is the obse Ⅳ ed radiance c on sidering the se n sor degradatio n , α/γ is the
radio metric
.
c oe氏 cientforthetestdata con sideringthe s e n sordegr adatio n a sfollo w s;
N OAA -9:C H･1;0･063 20. C H･2;0･04397 N O A A-11:CH.1;0.05 92 7, C H.2;0.04086
(c)Solar z emith angle c orr e ction
T he r adian c e valu e sofAVH R R C H･1 a ndCH･2 change acc ordingtothe v ariatio n ofthe s olar
zenithanglebythe reas on tht the refle cted radianc e丘o mtheta rgetplXelis affected bythe
in cide nte n ergyofs olariluminatio n. Therefo rethe obs ervedradia nce w a s n or malizedbythe
co sine ofs olar zenitha ngleto co rrectthe change ofincidentsolar radianc ea sfollo w s;
Rd - RJc o seo (3)
where R8 01is the obse rv ed radiance c on sidering the sola r z e nith angle, R is the radian c e
calc ulated byEq･(1)or(2), a nd OD isthe solar z e nith angle.
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2.2 Result ofcalibr ation andc o re ctio n
Fig.1(a)and1(b)sho ws the radian c edistribution ofA Ⅵ 皿R data(27/Jan･ 1986a nd3 0/Janp
1993)c orr e cted withpreflight calibratio n c o e庶cie r[tsfor visible(C H･1)andpe arIR(CH ･2)
respe ctiv ely･ Fig･ 2(a)and2(ら)sho w sthe r adian c e aBerthe calibratio n c o n sidering the se n s or
degr adatio n･ These re sultsindic ate tht thedifferenc e ofthe m ea n r adianc ebetwe e nthe tw o
datain Figl is s m alle rthanthatinFig･1･ T hisfa cts uggeststhatthe calibration consideringthe
sens o rdegr adationis usefulfo rthe c o mparison of m ulti-ye a rA ⅥiR Rdatatakenbydiqererlt
satellite s.
Fig.3(a)and3(ら)show the radianc edistributio n of A V H R R da･ta(27 Jan･ 1986and3 0Jan ･
1993)aRerthe calibration‾c onsideringthe se ns ordegr adatio n a nda触 rthe s olar 2:e nithangle
corre ction, Inthe s eflgu reS, thediqe r e n c e of m e an r adianc ebctw een thetw odata be co me s
smale r a丘e rthe s olar zenith angle c o rr e ction. In addito n, the m e an r adian c evalu es ofthetw o
data ar enearlys a m ein the r ange wher ethe se ns or s c an a ngleis smal1･ Thisfa ctsugge sts that
the c on side ratio n ofthe s ens ordegradation c a nr e sultin m o re appropriate c orre ctio nbythe
c ombin ation ofthe s olar zenithangle c orrectio n.
2
.
3 Dis cussion
Fr om above experim e ntal results, itis obvio u stha,I the calibration c o n sidering the se n s or
degraddio nis ne c e ss aryto derive an ac curate radiance at the sateuite observatio n･ Ifthe
ge ometric c o ndito nis ina v e ry go od c ondition tht the sens o r s c an agleis v ery s mal, the
derivedradia n c ebythe above calibratio n and corr e ctio n willbe abletobe us ed dir e ctlyfo rthe
c omparis on ofthegrounds u rfa c ebetw e entheplu raldatataken atdiHerent tim e s･
Actualy,itisimpo sibleto acquireal1n e c e ssa rydatain agoodge o m etric c o ndit on ･ Therefor e
the ar chived datalike a m o saickedproductatle ast shoul d in cludethege o m etricinform atio n
(solar and s atellite zenithaJlgles a nd s olar-satelute r elativ e azim uth angle) for every pixels,
which mightbe u sed fo ralater atm o spheric c orrection pro cedu reifpo ssible･
3. Effe ct of Sola r- Sens or Ge oTn etry Om Sllrfa c eAl bedo aIId N VI
Whe nthe multi-te mporal A V HR Rdata ar e usedfor the monito rlng Ofland c over c o ndito n s,
the effects ofthe ge o m etric c ondition s am o ngthe su n, a se n s o r and gr o u nd should be
c onside r ed, bec a us ethese condition sbringthe change ofthe s urfa c ealbedo and N V I dedved
丘o m AV H R Rda,ta. In o rdertoin ve stlgate the s e e飽cts, three A ⅥiR Rdata which w er e
obs erved within a w eek and have differentge om etric c ondit on s wer eus ed. The data w ere
a cquired o n6仔eb.(930370 8), 7/Feb.(93 03808)and 13仔eb.(9304409)in 1993re spe ctively･
Underthe as su mptlOn tht the ground su rfa c econditio n s ar e s am e am ongthe thre e, total16
sample are atriplets c o rrespo ndingtothe sam elo c atio n we re sele cted･ Ea ch s ample area w a s
c ompo s ed by 5 by 5 window s and the average valu ein the window wa s u s ed asthe
r epre se ntativedata of the s a mple are a. Theland c ove r cla ss e s ofthe s amples w e r efo r e st,
agrlC ultu ralla nda nd bare s oil,
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3.1 Relationbetw e e n s urfac ealbedo andgeo m etric c o ndition
Fig.4(a - e)sho wsthe value s of the s amplesfor s olar z enith a ngle, s atenite ze nith血gle･ albedo
in cli.1 and CH .2, andthe normaliz edvegetationindex PV I)deriv ed a sfollo w s;
N V I- (A 2- A l)/(A 2＋A l) (4)
wher eA land A 2ar ethe albedo sin C H.1 and C H･2 r e spe ctively･ T he sign ofthe s atellite
ze nitha ngle wasin v erted whe nthe solar azimuthandsatellite azim uth is n a
r ever s edir e ction
,
n a m elyif the relativ e aヱimuth of thetw oislargerthan90deg･ ･
Itis obvio us tha=he varia,tions of the albedo sin C H.1 and 2are cle arly relatedto thetw o
geo m etricpar am et rs, the s olar zenithands atelhte z enith angle s･ Be
causethe al bedoisdedv ed
a洗erthe s olarzenith a ngle c o rrectio nde scribed in 2, The main pa ra meter affe ctingthe albedo
is c o nsideredto bethe satellite zenith angle･ Ge n erally, the albedobec om eslargerinthe c as e
ofpositivelarge satellite z enitha ngle, n a melyinthe c a se of large s atellite ze nithangleinthe
s am edir ection ofthe su n and a satelite. Itis obviousthat thisv ariationis c aused bythela rge r
effe ct ofthepath radian ce ･ On the contrary'in the c a s e ofs malpo sitive v alu e sand nega
tive
valu e softhe s atellite ze nith anglethe v ariatio n ofthealbedois smal1er･
on the otherha nd, the variatio n of N VIis r atherreve rs e ofthat of the albedo, n am ely N Vt
decr e a s e sin the c as e ofpo sitive large satellite z enith a ngle･ For the data 9303708and
93 0380 , theN V Ivalu e sar ealm o stsi milar e x cept the s a mple6, whichisthe,bare s oilsurfa c e
andhasthepo sitiv elarge s atellite zenith angle1
3
.
2 Regre s sion analysis of albedo_
and N Ⅵ betw e e ntw odiffe rentdata
Fig･5 sho wsthe re sults ofr egr e ssion s ofthe albedos aJldN Ⅵbetw e errtw o diffe
re ntdata･ T he
r e sults show that the c orrela.tion c o e粗cie ntfor the palrOf9303708and 9303808is alw ays
largerthanthatfo rthepalr Of 93 04409and9303 80Sforbothof albedo a ndN Ⅵ･ The
refore
itis obvio us thatthe datainthe ge o metric co nditio n ofpo sitive gre ater satellite zenith angle
degr ade thelinearity ofthe c orre sponde nc es of albedo and N Ⅵ dthotherdata･
Asto N V I, in the palr Of 93 03 708and 93 03SO8 alm o st ofthe s a mples ar ein a r eg
10n Of
ac c eptable variation sof N V I forthe c om padso n e v enifthe re r e main sr elativ elylarge v ariat
ion
in al bedo. T his r es ult s ugge sts s o m e eifct of N Vlforthe c ompen sation ofthe variation due
to the ge o metric c ondit o ns･ How ever, for the palr Of9304409and93
0380S, alm ost ofthe
s ample s r esultin
.
u nde r e stim ation of N Ⅵ for on e ofthe pair, 9304409･ In this s ense, the
s ample s丘
･
om 93 044 09 hav equ lte PO OFqualityforthe c ompariso nwithother s, eveniftheN Ⅵ
is u s ed forthe c omparis o n･
3.3 Dis cus sion
Fro mthe abov e r e sults, itis obvio usthat the ge om etric conditio n, especiallythe s atellite zenith
anglebringsthelarge effect o nsu rfa ce albedo and N V I, not onlyto the abs ohlte Value sbut
also thelin e a nty ofdata c orre spo nden ce s ev e naRer aline ardata c otlVerSion･ The N V Iisles s
affe cted bythe geo m etry c ompa red withthe albedosin C H･1 and2, which ha sprov ed so
m e
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effect of-the N VIfor co mpens atio nofu n expected v mition ofs urfa c ealbedo sI Ho w e ver
,
if
the s atenite ze nitha ngleis JTluCh la rge rthan an ac ceptable value, m aybe50degre e丘
･
o m Fig.4,
itis re c o m e nded n ot to u s ethats a mpleforthe c o mpariso nwithothe rdata･ Ifo nlythe data
s a mplein su ch abad c onditio nis a v ailble,it sho uld be re c ogniz edthat the N Ⅵ valu es are
alw ays u nder e stim ated compa r ed withthe re alvalu e s.
4. Condusio n
The effects ofthe serLS O rdegr adation andthe ge om etric conditio ns related to the su n
,
a
s atellite and a gr o und w ere studiedin the situ atio n ofthe co mparis o n of m uユti-te mpo ral
A V t R R data･ T he calibr ation c o n side ringthe s e n s o rdegradatio nw a spro v edto res ultin m o r e
approprlate COrreCtion fo rthe c omparis on ofthe A V H RR radianc ederiv ed from differe nt
satelites･ Thegeo metricparam ete r, especial1ythe s atellitezemithaJlge w asprovedtoha v ethe
large ef3e ct o nal bedo andN Ⅵ deriv ed fr o mthe c alibratedA V f R Rvisible and ne arIR data
.
T he idealc as e see m sto be that a n appropn丘te at m ospheric corre ction is applied to the
c alibr ated data ba s ed on the ge om etric par ameters c o mputedin the calibration pro c edu re.
How ev e r, eve nifthe atm o spheric corre ctionisdifEcult tobe applied, atlea st thes ege o metric
param eters shoul dbe alw ays taken into c onside ratio nfor the co mpariso n a m ongthe m ulti-
te mporal A V H R Rdata. This co n side ration maybe us efulto av oidmiunde rstanding about the
te mporalchange ofgr ou ndsurfa c e c o nditons.
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